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1. Analysis of the surface hydrologic cycle
Roads et al. (1999) compared characteristics of the National Centers for Environmental Prediction

and National Center for Atmospheric Research (NCEP/NCAR) reanalysis surface water budget to
the surface water budget characteristics in a long-term simulation with the NCEP global spectral
model (GSM) used in the reanalysis. There are many geographic similarities. There are a few

differences, though, mainly because the reanalysis has a source (artificial) of water from a
seasonally varying damping (forcing) term. Because the GSM does not have this (forcing) term, the
GSM surface becomes dryer and ultimately has decreased land evaporation and precipitation. Since
evaporation variations are strongly related to surface air and skin temperature variations, this
decreased GSM surface water is also associated with increased land temperature. However, the
GSM surface water variability is greater because the reanalysis time constant (60 days) used to
damp (force) the surface water back to the assumed climatology, is shorter than characteristic land
surface parameterization hydrologic times, which are on the order of 6 months. In agreement with
the decreased surface water variability, the reanalysis evaporation variability is also less than the
evaporation variability in the GSM. This artificial time constraint may be a reason that the reanalysis
temperature predictability by surface water is less than the demonstrated GSM predictability.

2. Long term CO2 sensitivity simulations with NCAR's CCM3 and global recycling rates

In a related effort, a number of climatological simulations and sensitivity experiments with the latest
NCAR community climate model coupled to a sea-ice mixed layer model (Roads et al. 1998a) were
compared to NCEP reanalysis and each other. In addition to a control run forced by observed sea
surface temperatures for the period 1950-1994, there were a number of 20 year COs simulations
developed, ranging from concentrations of 100 ppm to 3000 ppm. Global cycling rates were then
calculated. A cycling rate was defined previously as the ratio of the precipitation to precipitable
water, P/QT. Roads et al. (1998b) suggest that the cycling rate may ultimately decrease in the future
and that the presumed intensification of the hydrologic cycle is due more to an increase in the water
vapor storage than the cycling rate.

3. Tropical Atmospheric Hydrologic Cycle
Roads et al. (2001a) compared the National Centers for Environmental Prediction (NCEP) and
Department of Energy (DOE) Reanalysis II tropical hydrologic cycle to TRMM products. Our
eventual goal is to be able to utilize the global spectral model (GSM) used for the reanalysis as a
predictive model for seasonal and longer climatic predictions. TRMM products provide a
benchmark for comparison of the tropical hydrologic cycle terms. In particular, we can analyze the
precipitation characteristics in the reanalysis to determine if we can replicate the TRMM
observations. In addition, we can compare the parameterized evaporation to the evaporation deduced
from a residual sum of TRMM precipitation and reanalysis moisture convergence. We found that
the reanalysis precipitation certainly resembles, in many respects the TRMM observations.
However, the biases were a bit larger and the correlations were a bit lower than we had hoped for

originally. For example, the RII precipitation is larger than the TRMM precipitation (3.1 mm/day)



by about.3mm/day.Thecorrelationswerehighestduring theBorealwinter(.6) andlowestduring
thesummer.Spatiallythecorrelationswerehighestovertheoceanand lowestoverland,especially
overAfrica. Low correlationsalso occurredover the subtropicalregions.The RII evaporationis
about.2 mm/day largerthantheevaporationdeducedas a residualof TRMM precipitationand
moistureconvergence(3.6mm/day).For this field, thecorrelationswerehigh.only overtheocean.
Overland regionsthe correlationwas much lower and even highly negauve.Perhapsnot too
surprisingwasthat the netmoistureconvergence(-.44) is negativeindicatingthatthetropicsarea
sourceof moisturefor the rest of the globe.Also whatmay not be too surprising is that the
equationshavea residualmoisteningeffect (.13),which is correlatedhighly with the difference
betweentheTRMM andRII precipitation.This presumablyindicatesthatmost of this residualis
dueto RII precipitationbeingtoostronginitially; it is hypothesizedthatthebalancewouldgetbetter
asspindownoccurs.

4. GCIP WEBS
Roadset al. (2001b)aredevelopinga waterandenergybudgetsynthesis(WEBS) for theGlobal
Energy and Water Cycle Experiment's (GEWEX's) Continental Scale International Project
(GCIP)overtheMississippiRiverBasinfrom observationsandmodelsfor theperiod 1996-1999.
Thesynthesisincludesa generaldescriptionof theBasinclimate,physiographiccharacteristics,a
brief descriptionof availableobservations,typesof modelsusedfor GCIP investigations,and a
comparisonof waterandenergyvariablesandbudgetsfrom modelsandobservations.Observations
cannotadequatelyclose budgetssincetoo many fundamentalobservationsare missing.Models,
especiallyanalysismodelsarerequiredfor manyindividualprocessesthatarenot reallymeasured
in anymeaningfulway on a continentalscale.For example,soil moisture and evaporationare
measuredat only a few sites,althoughthereare intensiveefforts to develop satellite-derived
products.High-resolutionatmosphericmoistureanddry staticenergyconvergencecannoteasilybe
derivedfrom radiosondeobservations.Modelsthatproperlyrepresentcomplicatedinteractionsmay
ultimatelyprovidebetteroveralldescriptionsof thebudgetsthananyattemptto grid observationsof
a singlevariablefrom only knowledgeof only theobservations.Modelswill alsobe requiredfor
predictions.Therefore,aspart of the generalsynthesis,the purposeof this paperis to compare
differentclassesof modelswith availableobservations.We comparea global generalcirculation
model with a regionalclimate model along with global and regional analyses,a macroscale
hydrologicmodeland observations.Theredoesappearto be a clearadvantageto using aregional
analysisovera global analysisor a regionalsimulationover a global simulationto describethe
budgets.Therealsoappearsto besomeadvantageto usinga macroscalehydrologicmodelfor at
leastthesurfacewaterbudgetsalthoughthesurfaceenergybudgetsmaystill bebettersimulatedby
theatmosphericanalyses.

5. The Impact of Precipitation Uncertainties on Global Water Balance Calculations
Water balance calculations are becoming increasingly important for a various earth system studies.

Precipitation is a critical variable for such calculations since it is the immediate source of water in
the land surface hydrological budget. Numerous precipitation data sets have been developed in the
last two decades, but these data sets often show marked differences in depicting the spatial and

temporal distribution of the precipitation. Fekete et al. (2001a) describe five global monthly
precipitation data sets (Climate Research Unit of University of East Anglia, Global Precipitation
Climate Center, Global Precipitation Climatology Project, NCEP/NCAR Reanalysis, Willmott-
Matsuura) to assess the uncertainties these data sets represent in depicting the spatial and temporal

distribution of the precipitation and its impact on the water balance model calculations. The five data
set tested here were climatologically averaged and compared regionally by calculating various
statistics of the differences.



Feketeet al. (2001b)usedthedifferentprecipitationdatasetsin awaterbalancemodelcontextto
demonstratetheimpactof theuncertaintiesin precipitationontheestimatedrunoff. A waterbalance
model operating globally at 30-minute resolution was applied with different configuration
representingtheevapotranspirationprocesses.Thedifferent runoff estimatescalculatedby varying
the input precipitationdatasets and the configurationof the water balancecalculationswere
comparedto eachotherandmeasureddischarge.This comparisonrevealedclearspatialpatternsin
the runoff biases.Precipitationuncertaintiesresult in increaseduncertaintiesin the runoff
estimation.The magnitudeof the uncertaintiesin runoff calculationdue to uncertaintiesin
precipitationwas found to be equalor greaterthan the uncertaintiesin the formulationof the
evapotranspirationprocessesin thewaterbalancecalculations.

Feketeand Vorosmarty(2001a)also comparedfour gridded meanmonthly time seriesof air
temperatureandprecipitationcoveringtheSouthAmericancontinentsfor the 1960-90period.The
differentdatasetsweretestedin thecontextof a waterbalancemodelandmeanannualestimated
runoff wascomparedtoobservedrunoff atselectedgaugingsites.FeketeandVorosmarty(2001b)
describedtheimpactof theseuncertaintieson waterbalancecalculations.In particular,the water
balanceresultswere comparedagainstmeasuredriver dischargein a simulatedriver network
context.Riverdischargeis oneof themost accuratelymeasuredcomponentsof the hydrological
cycleand thereforecanserveas anexcellentsourceof information for validatingwaterbalance
calculations.A procedurewhich combinesmeasuredriver dischargewith waterbalancemodeled
runoff to producecompositefields of high spatial resolution but mass-constrainedby the
observationalrecordfor dischargewasalsodescribed.
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